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1. INTRODUCTION 
By a compartment model we mean the mathematical properties of the equations which 
arise from a description of the biological interchanges between different physical systems 
or compartments, which may or may not correspond to specific physical parts of the 
human or animal body. 
The purpose of this paper is to describe a general two-compartment model and then 
to apply it to a comparison of the rates of absorption of insulin administered subcuta- 
neously and intravenously. The model is used extensively in biomathematics and the 
reader is referred to Ingram and Bloch[l] for a broader discussion. 
2. GENERAL TWO-COMPARTMENT MODEL 
Consider the general two-compartment system, as shown in Fig. 1. If we suppose that 
an instantaneous quantity going from compartment i to compartment j is proportional to 
the quantity Xi = xi(t) in compartment i, i = 1, 2, then 
with 
(2.1) 
all = k, - kb - kl2, 012 = kzl, 
a21 = kl2, a22 = -kzl - kc, 
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Fig. I 
for suitable initial conditions xi(O) and x2(0), kd = 0. The kij are clearance rates. We 
further suppose that the kinetic parameters that are relevant to the situation can be mea- 
sured or calculated from other measurements. 
The differential equations can be rewritten as 
% [::I = *[::I (2.2) 
in which 
This has solutions given by 
where x,(O) = cl1 + cIz 
and x2(0) = czI + cz2, 
and CL, p are the roots of the characteristic equation 
0 = A2 - tr(A)h + det(A). 
The cij are formed from the eigenvalues of the matrix A. 
3. MATCHED GLUCOSE RESPONSES 
The aim of this project is to compare the rates of absorption of insulin administered 
subcutaneously (SC) and intravenously (IV) in humans. Experiments with rats suggest 
that, when insulin is given subcutaneously, significant inactivation of the insulin occurs 
at or near the injection site[2]. This is inferred from the fact that in rats the total amount 
of insulin infused intravenously was only 50% of that required subcutaneously. 
To match the insulin profiles, k, = 20 U Actrapid insulin was first injected subcuta- 
neously to 8 subjects and SC and IV insulin levels were measured. The data were then 
used on the two-compartment model of Fig. 1 with kZ1 and kd zero. x,(t) indicated the 
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insulin level in the SC compartment 1, and -r?(f) the insulin level in the IV compartment 
2. Thus there could be a flow of insulin from SC to IV but not vice versa. We further 
assumed constant clearance rates from each compartment. Equations (2.1) can be re- 
written as 
i, = - (kc + kdx,; x,(O) = k,, (3.1) 
kz = k,zx, - kcxz; X?(O) = 0. 
The form of the solution of a general two compartment model (see Sec. 2) suggests 
that we use a bi-exponential to fit the intravenous levels after the subcutaneous injection. 
Doing this, we obtained 
x2(t) = 352.8046 (e-“.oo5’r - e-“~015’t). (3.2) 
Since there is no feedback from the IV to the SC compartment, we model the IV 
compartment reaction to an injection of insulin by a single compartment model, as in Fig. 
2. The level of insulin at time t in the IV compartment is given by 
dr 
dr= 
- k,x 
after an initial dose of k, units. 
Standard regression rates give the fit 
x = 6821 .64e-0.08”. 
(3.3) 
(3.4) 
from which we get the clearance rate from the IV compartment as 
k, = 0.082. 
This coefficient tells us that the IV compartment clears 8.2% of its volume per minute. 
Our ultimate problem is to consider a steady infusion rate k, = Z(t) units of insulin per 
minute into the IV one-compartment model: 
dx 
z= - k,x + I(t), x(0) = 0. (3.5) 
The solution to this differential equation may be written as 
-kc(‘-s) Z(s) ds. (3.6) 
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What we seek is the IV infusion profile Z(r) over a given period of T minutes that makes 
.r(t) of Eq. (3.6) fit as closely as possible to the IV profile .u?(t) of (3.2), which resulted 
from the SC injection. 
Experimentally, this is a glucose clamp, a term used by analogy with a voltage clamp 
for the system which can maintain the glucose concentration at any specified level by 
means of the regulated automatic IV infusion of appropriate biochemical substances[3]. 
Mathematically, the problem is to choose I (t) to minimise 
I oT (x(t) - x2(t)) dt. 
The estimation procedure for the total problem is outlined in Fig. 3. Some results are 
shown in Fig. 4. The total amount injected IV is given by 
_f 
r 
Z(t) dt = 2315.44, 
0 
which, compared with the 20 U injected in one dose to obtain the SC profile, represents 
a fraction of about 12%. 
The importance of this sort of study is that “refinement of continuous subcutaneous 
insulin infusion for diabetes therapy requires improved knowledge of subcutaneous insulin 
absorption kinetics[4].” The use of the two-compartment model provides pharmacokinetic 
information without the use of isotopically-labelled hormones, which is not without serious 
problems[2]. 
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CONCLUSION 
“Biomedical systems depending on time only are generally related to compartment 
modelsl51.” Compartment models in medicine can vary from the simple one-compartment 
model to models with six compartments or more. Bergman and Cobelli[6] point out that 
not every interaction need be included because “the response of the system will be rela- 
tively insensitive to changes in many of the possible proposed relationships.” Nor can 
every interaction be included, because the parameters of the model are restricted by what 
can be physiologically measured. 
The simplest mode1 is a one-compartment model, but this assumes an instantaneous 
and homogeneous distribution of a chemical, for example, through a system. “Although 
it is of alluring simplicity, this model does not account for the observed time course of 
most drugs in various parts of the body[7].” 
The two-compartment models which we have considered are the next simplest. That 
it is not to say that they are universally appropriate, but they are adequate for a wide 
variety of applications. 
The applications on which our colleagues are engaged include scheduling in cancer 
pain therapy to stabilize tumour growth[8] and the life cycle of the trichostrongylus species 
of nematodes. The latter is being modelled by another of our postgraduate students, R. 
J. Dobson[9, 101. 
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